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PROCESS FOR MANUFACTURING TYRES
FOR VEHICLE WHEELS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application based on
PCT/IB2010/000812, filed Apr. 7, 2010, and claims the

priority of Italian Application No. MI2009A000565, filed
Apr. 8, 2009, and the benefit of U.S. Provisional Application
No. 61/213,849, filed Jul. 21, 2009, the content of all of

which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a process for manufac-

turing tyres for vehicle wheels.

The mnvention further relates to a process and an apparatus
for reinforcing with a loop an annular anchoring structure of
a tyre for vehicle wheels, said process and said apparatus
being usable 1n carrying out the above process for manu-
facturing the tyre.

Description of the Related Art

A tyre for vehicle wheel generally comprises a carcass
structure comprising at least one carcass ply comprised of
reinforcing cords embedded 1n an elastomeric matrix. The
carcass ply has end edges respectively engaged with annular
anchoring structures arranged in the zones usually 1dentified
with the name of “beads™ and normally consisting each of a
substantially circumierential annular insert on which at least
one filling insert 1s applied, in a radially outer position
thereol. Such annular iserts are commonly 1dentified as
“bead cores” and have the task of keeping the tyre firmly
fixed to the anchoring seat specifically provided in the rim
of the wheel, thus preventing, 1n operation, the radially inner
end edge of the tyre coming out from such a seat.

At the beads specific reinforcing structures (known, 1n the
field of tyres, by the term: loops) may be provided, these
reinforcing structures having the function of improving the
torque transmission to the tyre. In fact, the bead region 1s
particularly active in the torque transmission from the rim to
the tyre during acceleration and braking, and therefore the
provision ol proper remnforcing structures in such zone
ensures that the torque transmission takes place with the
maximum possible reactivity.

In a rachally outer position with respect to the carcass ply,
a belt structure comprising one or more belt layers 1is
associated, said belt layers being arranged radially one on
top of the other and having textile or metal remnforcing cords
with crossed orientation and/or an orientation substantially
parallel to the direction of circumierential extension of the
tyre.

Between the carcass structure and the belt structure a
layer of elastomeric material, known as “under-belt”, can be
provided, said layer having the function of making the
radially outer surface of the carcass structure as uniform as
possible for the subsequent application of the belt structure.

In a radially outer position with respect to the belt
structure a tread band 1s applied, also made of elastomeric
material as well other structural elements making up the
tyre.
Between the tread band and the belt structure a so-called
“under-layer” of elastomeric material can be arranged, said
under-layer having properties suitable for ensuring a steady
union of the tread band 1tself.
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2

On the side surfaces of the carcass structure respective
sidewalls of elastomeric material are also applied, each
extending from one of the side edges of the tread band up to
the respective annular anchoring structure to the beads.

The traditional processes for manufacturing tyres for
vehicle wheels essentially provide for the components of the
tyre listed above to be first made separately from one
another, to be then assembled 1n a subsequent building step
of the tyre.

However, the current tendency 1s that of using manufac-
turing processes that allow the manufacturing and storage of
semi-finished parts to be minimised or possibly eliminated.
In such processes, each component of the tyre 1s directly
formed on a forming support, for example as illustrated 1n
EP 0 928 680 1n the name of the same Applicant.

More specifically, attention has now turned towards pro-
cess solutions that allow the individual components of the
tyre to be made by directly building them, according to a
predetermined sequence, onto the tyre being built on a
forming support, typically toroidal or cylindrical.

For example, WO 2009/040594 1n the name of the same
Applicant, shows a process wherein the different building
steps of the carcass structure are carried out at least in part
simultaneously with the steps of making the crown structure
at respective separate work stations, wherefrom the respec-
tive products must come out 1n a synchronised manner so as
to proceed with the subsequent step of assembling the crown
structure on the carcass structure and then, with the subse-
quent steps of the process for manufacturing the tyre.

Throughout the present description and in the following
claims, the term “loop” i1s used to indicate an annular
clement comprising one or more thread-like reinforcing
clements substantially parallel to one another, such as textile
or metal cords, optionally embedded 1n, or coated with, a
layer of elastomeric material, such annular element being
obtained by cutting to size a band-like element and recip-
rocally joiming a head portion and a tail portion of such
band-like element.

The term: “elastomeric material” on the other hand 1s used
to 1ndicate a composition comprising at least one elasto-
meric polymer and at least one reinforcing filler. Preferably,
such a composition further comprises additives such as, for
example, a cross-linking agent and/or a plasticizer. Thanks
to the provision of the cross-linking agent, such material
may be cross linked by heating, so as to make the end
product.

Throughout the present description and i following
claims, the terms “radial” and “axial” and the expressions
“radially mner/outer” and “axially inner/outer” are used by
making reference to the radial direction and to the axial (or
longitudinal) direction of a tyre (or of a drum used for
building the tyre or one or more components of the tyre).
The terms “circumierential” and “circumierentially™
instead, are used by making reference to the annular exten-
sion of the tyre/drum.

U.S. Pat. No. 5,632,836 shows, 1n FIG. 1, a loop 6 wound
about an annular anchoring structure 5, the latter comprising
a plurality of bead cores 3 and a filling 1nsert 4.

EP 0 647 522 shows, in FIG. 7, a loop 32 wound about an
annular anchoring structure, the latter comprising a plurality
of bead cores 30 and a filling insert 31. Loop 32 1s {first
deposited on the annular outer surface of a service drum 6.
The annular anchoring structure i1s then positioned on the
loop 32. Loop 32 is then turned up about the annular
anchoring structure by the effect of the thrust action exerted
by lobes 11, 18 of the air tube 7 on the portions of loop 32
which axially extend from opposite sides with respect to the
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annular anchoring structure. Lobes 11, 18 are obtained by
inflating an air tube 7 against a pair of annular bells 19, 20.

SUMMARY OF THE INVENTION

The Applicant has noted that a process of the type
illustrated 1n EP 0 6477 522 requires the use of a service drum
specifically sized according to the specific fitting diameter of
the tyre to be manufactured. When the fitting diameter (and
thus, the radial dimension of the annular anchoring struc-
tures ) of the tyre to be manufactured changes, 1t 1s necessary
to use a new drum having a different radial dimension and
a new device for turning up the loop (unless 1t 1s preferred
to remove the turning up device from the previous drum and
assemble 1t on the new drum, where this 1s possible). This
causes a slowing down of the productivity and a consider-
able 1nitial mvestment.

The Applicant has further noted that when the loop
comprises metal cords, an early deterioration of the air tube
occurs because of the iriction on the metal cords. It 1s
therefore necessary to proceed with a certain frequency to
replace the air tube, with consequent problems of cost and
time.

The Applicant has perceived that by having a forming
support which 1s adjustable 1n radial direction it would be
possible to loop 1n a sequence annular anchoring structures
of different dimensions which are suitable for tyres with
different fitting diameters, increasing consequently the pro-
duction flexibility w1th0ut reducing the plant productivity.

The Applicant has therefore found that by providing a
service drum that 1s radially expandable/contractable with
respect to the longitudinal axis thereof 1t 1s possible, by
using the same apparatus, to obtain the looping of annular
anchoring structures (and thus, of tyres) having different
radial dimensions. In fact, it 1s possible to adjust the service
drum to a plurality of different operative radial positions,
cach operative radial position being selected according to
the radial dimension of the annular anchoring structure to be
used, and thus of the fitting diameter of the tyre to be
manufactured.

In this way it 1s possible to manufacture, by using the
same apparatus, a plurality of reinforced annular anchoring
structures having different radial dimensions, and thus a
plurality of tyres having different fitting diameters.

In a first aspect thereof, the present invention therefore
relates to a process for manufacturing tyres for vehicle
wheels, comprising the step of building a carcass structure
comprising at least one carcass ply associated, at axially
opposite end edges thereol, with respective annular anchor-
ing structures;
wherein the step of building the carcass structure comprises
the step of reinforcing said at least one annular anchoring,
structure with a loop, said reinforcement step being carried
out on at least one radially expandable/contractable service
drum and comprising the steps of:

a) setting the service drum to a predetermined operative
radial dimension selected according to the fitting diameter of
the tyre to be manufactured;

b) depositing the loop on an annular portion of an annular
outer surface of the service drum;

c) loadlng the annular anchoring structure onto the service
drum 1n a radially outer posmon with respect to the loop;
d) radially expanding the service drum up to lock 1n position
the annular anchoring structure;

¢) rotating the service drum about a longitudinal axis
thereot;
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1) during rotation of the service drum, turning the loop up
about the annular anchoring structure so as to form a
reinforced annular anchoring structure;

o) unloading the reinforced annular anchoring structure from
the service drum.

Advantageously, the process described above allows
achieving an advantageous usage tlexibility, making 1t pos-
sible to use a single apparatus for carrying out the looping
of annular anchoring structures having different radial
dimension. In addition thereof, an advantageous increase 1n
the production yield 1s obtained when the radial dimension
of the annular anchoring structure (and thus of the fitting
diameter of the tyre to be manufactured) varies, as 1t 1s not
necessary to replace the service drum and/or any further
components/devices of the looping apparatus.

The Applicant further notes that the possibility of using a
single apparatus for looping annular structures with different
radial dimensions allows achieving an advantageous con-
tainment of the 1itial investment costs and of the production
costs. Such costs are further reduced as no air tubes are used.,
which as said above with reference to EP 0 647 322 are
subject to early damage when loops comprising metal cords
are used.

In a second aspect thereot, the present invention relates to
a process for reinforcing with a loop an annular anchoring
structure of a tyre for vehicle wheels, comprising the steps
of:

a) setting a radially expandable/contractable service drum to
a predetermined operative radial dimension selected accord-
ing to the fitting diameter of the tyre to be manufactured;
b) depositing the loop on an annular portion of an annular
outer surface of the service drum;

¢) loading the annular anchoring structure onto the service
drum 1n a radially outer position with respect to the loop;
d) radially expanding the service drum up to lock 1n position
the annular anchoring structure;

¢) rotating the service drum about a longitudinal axis
thereof:;

) during rotation of the service drum, turning the loop up
about the annular anchoring structure so as to form a

reinforced annular anchoring structure;
g) unloading the reimnforced annular anchoring structure from
the service drum.

Advantageously, such a process can be used 1n the process
for manufacturing the tyre described above and thus it
allows achieving the advantageous results mentioned above.

In a third aspect thereol, the present invention relates to
an apparatus for reinforcing with a loop an annular anchor-
ing structure ol a tyre for vehicle wheels, the apparatus
comprising;

at least one service drum having 1ts own longitudinal axis;

a device for feeding the loop towards the service drum;

a device for loading/unloading the annular anchoring
structure onto/from the service drum:;

a device for turning the loop up about the annular anchor-
ing structure, to form a reinforced annular anchoring
structure;

wherein the service drum 1s radially expandable/con-
tractable with respect to said longitudinal axis so as to be
adjusted to a plurality of predetermined radial dimensions
selected according to the fitting diameter of the tyre to be
manufactured.

Advantageously, such an apparatus can be used for car-
rying out the processes discussed above and thus it allows
achieving the advantageous results mentioned above.
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The present invention, in at least one of the aforemen-
tioned aspects, can comprise at least one of the following
preferred features, taken individually or in combination with
the others.

Preferably, the process for manufacturing the tyre further
comprises a step of positioning the reinforced annular
anchoring structure on the end edge of the carcass ply, the
above steps a) to g) being repeated by a predetermined
number of times before carrying out the above positioning,
step.

Advantageously, i1t 1s thus possible to prepare, by an
ofl-line process with respect to the tyre manufacturing
process, a plurality of reinforced annular anchoring struc-
tures, such reinforced annular anchoring structures being
obtained starting from a corresponding plurality of annular
anchoring structures. The reinforced annular anchoring
structures may be collected into proper storage members,
wherefrom they are then picked up, during the manufactur-
ing of a carcass structure of one or more tyres, for being
positioned on the end edge of a carcass ply previously
deposited onto a forming support. This implies an increase
in the overall production yield of the apparatus for building
the carcass structure.

In the preferred embodiments of the present invention, at
least one of the atorementioned steps a) and b) 1s carried out
at least 1n part simultaneously to at least part of at least one
of the aforementioned steps ¢) to g).

Clear advantages in terms ol productivity are thus
obtained. Such advantages are particularly appreciable in
processes like those illustrated 1n the aforementioned docu-
ment WO 2009/040594. It can be understood that the feature
illustrated above allows 1n such processes a quicker manu-
facturing of carcass structures, making easier the synchro-
nising operations of association with the crown structures,
which are usually manufactured in basically shorter time.

Preferably, the step of turning the loop up 1s carried out at
least 1n part simultaneously to at least part of at least one
from step g) of unloading the reinforced annular anchoring
structure from the service drum and step ¢) of loading a new
annular anchoring structure onto the service drum.

This advantageously allows having the immediate avail-
ability of a new annular anchoring structure right after the
annular anchoring structure which has been just reinforced
1s removed from the service drum.

Preferably, step ¢) of loading the annular anchoring struc-
ture onto the service drum comprises the steps of:

taking the annular anchoring structure from a first storage

member:;

moving the annular anchoring structure from the first

storage member to the service drum.

Preferably, step g) of unloading the reinforced annular
anchoring structure from the service drum comprises the
steps of:

radially contracting the service drum;

taking the reinforced annular anchoring structure from the

service drum;

moving the reinforced annular anchoring structure from

the service drum to a second storage member.

Advantageously, the radial contraction of the service
drum allows an easy and immediate pick up of the annular
anchoring structure just reimnforced.

Preferably, step a) of setting the service drum to a
predetermined operative radial dimension comprises a step
of radially expanding the service drum until the annular
outer surface thereol reaches a predetermined diameter
selected according to the fitting diameter of the tyre to be
manufactured.
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Advantageously, the possibility of varying the radial
dimension of the service drum allows drastically reducing
the setup time and cost for manufacturing tyres having
different fitting diameters.

In the preferred embodiments of the present invention,
between step b) of depositing the loop onto an annular
portion of an annular outer surface of the service drum and
step ¢) of loading the annular anchoring structure onto the
service drum 1n a radially outer position with respect to the
loop, a step of moving the service drum from a first work
station defined at a feeding device of the loop to a second
work station defined at a device for loading/unloading the
annular anchoring structure onto/from the service drum 1s
carried out.

Advantageously, the provision of physically separate
work stations for carrying out the steps of depositing the
loop and loading/unloading the annular anchoring structure
allows the simultaneous execution, on at least two different
service drums, of at least part of the step of depositing the
loop with at least part of at least one among the steps of
loading the annular anchoring structure, turning the loop up
and unloading the remnforced annular anchoring structure.
Clear advantages in terms of productivity are thus obtained.

In particularly preferred embodiments of the present
invention, the loop 1s obtained by cutting to size a band-like
reinforcement element and step b) of depositing the loop
onto an annular portion of an annular outer surface of the
service drum comprises the steps of:—1feeding the band-like
reinforcement element towards the service drum;

depositing a head portion of the band-like reinforcement

clement onto the annular outer surface of the service
drum;

rotating the service drum by a predetermined angle (o)

about the longitudinal axis thereof;
during said rotation, depositing new portions of the band-
like reinforcement element onto the annular outer sur-
face of the service drum until a tail portion of the
band-like remnforcement element 1s deposited.
Preferably, 1n a first embodiment of the present invention,
alter the step of depositing a head portion of the band-like
reinforcement element onto the annular outer surface of the
service drum, the following steps are carried out:
rotating the service drum about said rotation axis by a first
angle o. greater than 270° and smaller than 360°;

during said rotation, depositing new portions of the band-
like reinforcement element onto the annular outer sur-
face of the service drum.

More preterably, after the step of depositing new portions
of the band-like reinforcement element onto the annular
outer surface of the service drum, the following steps are
carried out:

cutting to size the remnforcing band-like element thus

obtaining a piece of a band-like reinforcing element
having a tail portion;
rotating the service drum by an angle at least equal to
360°-¢. about said rotation axis (X-X);

during said rotation by at least 360°-q., depositing the tail
portion of said piece ol band-like remnforcement ele-
ment onto the annular outer surface of the service drum.

In this case, cutting the band-like reinforcement element
1s an integral part of the process for depositing the band-like
reinforcement element on the service drum and takes place
betore the service drum has made a complete revolution.

As an alternative, said predetermined angle a 1s equal to
at least 360° and the band-like reinforcement element 1s cut
to size before being fed towards the service drum.
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Preferably, during the step of feeding the band-like rein-
forcement element towards the service drum, a step of
associating an element made from elastomeric material on
an outer side surface of the band-like reinforcement element
1s carried out.

Advantageously, the provision of an element made from
clastomeric material on the outer side surface of the band-
like reinforcement element make easier a possible manual
orip, by an operator, ol the reinforced annular anchoring
structure at the radially outermost portion thereof. Such
element made from elastomeric material, in fact, substan-
tially covers any textile or metal cords projecting from the
radially outer side surface of the band-like reinforcement
clement, preventing these cords from causing wounds or
cuts to the operator.

Even more advantageously, the atorementioned element
made from elastomeric material carries out the same func-
tions as that element made from elastomeric material, also
known as intermediate elongated element, which 1s typically
deposited between the loop, especially when 1t 1s made of
metal, and the carcass ply 1n a step of the process for
building the carcass structure following that of positionming
the annular anchoring structure on the end edge of the
carcass ply. The provision of the above element made from
clastomeric material associated with the band-like reinforce-
ment element 1n the process of the present invention there-
fore makes the depositing of the intermediate elongated
clement unnecessary.

This implies first of all an 1increase 1n the overall produc-
tion yield of the machine for building the carcass structure,
the above increase being obtained by the fact that the
provision of the element made from elastomeric material
between the loop and the carcass ply 1s not anymore carried
out during execution of the process for building the carcass
structure, but 1t carried out in through an ofl-line process that
does not interfere with the above building process. An
advantageous reduction of the initial investment costs 1s also
achieved, such reduction being obtained as those devices
which are typically required 1in conventional processes for
depositing the intermediate elongated element need not
anymore be set up in the carcass structure building line.

Preferably, the alforementioned element made from elas-
tomeric material 1s arranged astride the outer side surface of
the band-like reinforcement element. Anyway, embodiments
of the present mvention are provided wherein the element
made from elastomeric material 1s associated cantilevered to
the outer side surface of the band-like reinforcement ele-
ment.

In particularly preferred embodiments of the present
invention, the annular portion of annular outer surface of the
service drum 1s 1n an offset axial position with respect to a
transversal middle plane of the service drum.

Preferably, step ¢) of loading the annular anchoring struc-
ture onto the service drum comprises the step of positioning
the annular anchoring structure in a centred position with
respect to a transversal middle plane of the service drum.

Advantageously, i1t 1s thus possible to achieve that the
opposite free end edges of the loop which has been turned
up about the annular anchoring structure are oflset along the
radial direction.

Preferably, the step of turning the loop up 1s carried out by
moving 1n synchrony at least one pair of turning members
with a combined motion along a first direction parallel to the
longitudinal axis of the service drum and along a second
direction perpendicular to the longitudinal axis of the service
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drum, said turning members being arranged on opposite
sides with respect to a transversal middle plane of the service
drum.

Advantageously, the synchronous movement of the afore-
mentioned turning members allows an even and effective
deposition of the loop on the opposite surfaces of the annular
anchoring structures.

According to a preferred embodiment, the service drum
can rotate about the longitudinal axis thereof.

Advantageously, the combination between rotating
motion of the drum and combined motion of the turming
members allows an even and eflective deposition of the loop
along the circumierential extension of the annular anchoring
structure.

In particularly preferred embodiments of the present
invention, two service drums are used, these service drums
being arranged on opposite sides with respect to a pivoting
axis and being integrally movable about said pivoting axis
between a first work station defined at the device for feeding
the loop and a second work station defined at the device for
loading/unloading the annular anchoring structure.

Advantageously, the provision of two service drums
which can be integrally moved about a single pivoting axis
between physically separate work stations allows the simul-
taneous execution of at least part of the step of depositing the
loop with at least part of at least one among the steps of
loading the annular anchoring structure, turning the loop up
and unloading the remnforced annular anchoring structure.
This implies clear advantages in terms of productivity.

Preferably, the service drum comprises a central shaft
arranged coaxially to the above longitudinal axis and a
plurality of support members arranged adjacent to one
another 1n a circumierential direction about said central shaft
and radially movable in synchrony between a position of
maximum contraction and a position of maximum expan-
S1011.

Advantageously, the synchronous movement in radial
direction of the above support members carries out the radial
expansion/contraction of the service drum and allows setting
up the above drum to the radial position defined in the design
stage based on the fitting diameter of the tyre to be manu-
factured.

Preferably, each support member comprises a central
support body and two opposite side support bodies, the side
support bodies being slidable 1n synchrony toward/away
from the central body along a direction parallel to said
longitudinal axis.

More preterably, each side support body of at least one of

said support members comprises a radial opening extending,
longitudinally up to a free end facing the central support
body.

Advantageously, the alforementioned radial opening
allows the turning members to position themselves in prox-
imity of the annular anchoring structure while this 1s still
supported by the side support bodies and by the central
support body, to then proceed with the turning up of the
loop.

In the preferred embodiment thereof, the present mven-
tion comprises a device for adjusting the radial movement of
said support members and a device for locking said support
members 1n position.

Preferably, the adjustment device comprises a guiding
flange integrally associated with the central shaft, at least
one helically-shaped sliding guide formed on said guiding
flange, a plurality of radially extended sliding guides selec-
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tively coupled to the central shait and a plurality of shiding
blocks which extend radially with respect to said longitu-
dinal axis.

More preferably, each of said shiding blocks 1s slidingly
coupled to a respective radially extended sliding guide.

Even more preferably, each support member 1s itegrally
coupled to at least one respective sliding block and slidingly
coupled to said at least one helically-shaped sliding guide.

Preferably, when the radially extended sliding guides are
coupled to the central shaft, a predetermined angular move-
ment of the central shalt causes a predetermined radial
movement of each support member.

Advantageously, the setup of the service drum to the
desired radial position 1s achieved by simply rotating the
alforementioned central shatt by a predetermined angle. Such
rotation 1n fact causes a predetermined radial movement of
the support members.

Preferably, the locking device comprises a calibration
flange 1ntegrally associated with the central shait and a pin
clastically coupled to a respective radially extended sliding
guide.

More preferably, said pin 1s movable between a first
operating position wherein it 1s coupled 1n rotation to the
central shatt—thus making the central shaft and the support
members integral to one another 1n rotation and locking the
support members 1n a radial position—and a second oper-
ating position wherein 1t 1s disconnected 1n rotation from the
central shaft—thus achieving the radial movement of the
support members.

Preferably, the locking device further comprises a pneu-
matic cylinder adapted to control the movement of said pin
from said first operating position to said second operating
position, or vice versa, 1 opposition to an elastic action
exerted by a spring operatively arranged between the pin and
one of said sliding guides.

Preferably, the device for turning the loop up comprises at
least one pair of turning members arranged on opposite sides
with respect to a transversal middle plane of the service
drum.

More preferably, such turning members are movable in
synchrony with a combined motion along a first direction
parallel to the longitudinal axis of the service drum and
along a second direction perpendicular to the longitudinal
axis of the service drum.

In a first embodiment of the invention, each turming
member 1s defined by a conical roller which can rotate about
a rotation axis inclined with respect to the longitudinal axis
of the service drum.

Advantageously, the conical shape of the rollers allows
the even deposition of the loop on the side surface of the
annular anchoring structure during the movement of the
rollers along the aforementioned two perpendicular axes.

In an alternative embodiment of the present invention,
cach turming member comprises a plurality of rollers
arranged circumiferentially one next to the other at a plurality
of circumierences with respect to an axis perpendicular to
the longitudinal axis of the service drum.

Advantageously, the roller-like configuration described
above allows obtaining different peripheral speeds at the
above circumierences, the angular speed being the same. In
the practice, this leads to a more homogeneous deposition of
the loop on the side surface of the annular anchoring
structure.

Preferably, the device for loading/unloading the annular
anchoring structure onto/from the service drum comprises at
least one motorised arm for gripping and moving the annular
anchoring structure.
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In the preferred embodiment of the present invention, the
device for loading/unloading the annular anchoring structure

onto/Irom the service drum comprises two motorised arms
for gripping and moving the annular anchoring structure.

Preferably, a first arm 1s intended to load the annular
anchoring structure on the service drum and a second arm 1s
intended to unload the reinforced annular anchoring struc-
ture from the service drum.

It 1s thus possible to obtain a partial overlapping of the
steps of loading the annular anchoring structure on the
service drum and unloading the reinforced annular anchor-
ing structure from the service drum.

Preferably, the (or each) motorised arm comprises a
member for gripping the annular anchoring structure with
respect to a central axis.

More preferably, said gripping member also carries out a
centring of the annular anchoring structure.

Preferably, the gripping and centring member comprises
a plurality centring elements which are equally spaced 1n a
circumierential direction and radially movable, 1n a syn-
chronous manner, with respect to said central axis.

In the preferred embodiments of the present invention, a
member for depositing an element made from elastomeric
material on a side surface of the loop 1s provided.

Preferably, said depositing member comprises a plurality
of rollers arranged one after the other along a moving
direction of the loop, with at least some of the respective
rotation axes which are skew to one another, in order to
deposit said element made from elastomeric maternal astride
the side surface of the loop.

Preferably, a first storage member for annular anchoring
structures to be loaded onto the service drum and a second
storage member for reimnforced annular anchoring structures
unloaded from the service drum are also provided.

Preferably, said first and second storage members belong,
to a moving line arranged in a position adjacent to the
service drum.

Preferably, a third storage member for annular anchoring
structures to be loaded onto the service drum 1s also pro-
vided, said third storage member being arranged upstream of
the first storage member.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention
will appear more clearly from the following detailed
description of some preferred embodiments of an apparatus
and process according to the present mnvention, made with
reference to the annexed drawings. In such drawings:

FIG. 1 1s a perspective schematic view ol an apparatus
according to the present invention, 1n an operating step of
the process of the present invention;

FIG. 2 1s a schematic section view of a construction detail
of the apparatus of FIG. 1 1n an operative step of the process
of the present 1invention;

FIG. 3a 1s a perspective schematic view of a detail of FIG.
2, 1n a first operative position;

FIG. 3b 1s a perspective schematic view of the detail of
FIG. 3a, 1in a second operative position;

FIG. 4 1s a schematic side view of a further detail of the
apparatus of FIG. 1 1n an operative step of the process of the
present 1nvention;

FIGS. 4a-4e schematically show 1n a simplified manner
the detail of FIG. 4 1n five subsequent operative steps;

FIG. 5 1s a section view of a further detail of the apparatus
of FIG. 1 1n an operative step of the process of the present
invention;
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FIG. 6 1s a perspective schematic view of the detail of
FIG. 5 1n a different operative position;

FIG. 7 1s a perspective schematic view of the detail of
FIG. 6 1n a different operative position;
FIG. 8 1s a section view of a detail of FIG. 7;

FIG. 9 1s a section view of an alternative embodiment of
the detail shown in FIG. 5.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In FIG. 1, with reference numeral 100 1s globally 1ndi-
cated an exemplary embodiment of an apparatus for depos-
iting a loop 5 (FIG. 8) on an annular anchoring structure 10
(FIG. 6) of a tyre for vehicle wheels, so as to manufacture
reinforced annular anchoring structures 15 (FIG. 8). Appa-
ratus 100 allows carrying out a deposition process according
to the present invention.

As 1llustrated in detail in FIG. 2, the annular anchoring
structure 10 comprises one substantially circumierential
annular 1nsert 11, also called bead core, and a filling 1nsert
12 associated with the substantially circumierential annular
isert 11 1n a radially outer position thereof.

By the apparatus 100 and the deposition process of the
present mvention, the loop 5 1s associated with the annular
anchoring structure 10 so as to fully wrap the latter along the
entire circumierential extension thereol and so that the two
end edges 3a, 56 of loop 5 are ofiset 1n the radial direction
(FIG. 8) by at least a pair of millimeters (preferably about 5
mm).

The remnforced annular anchoring structures 15 are
intended to be used 1n the building of a carcass structure of
the tyre. They are located 1n the tyre beads and are intended
to keep the tyre well fixed to the anchoring seat specifically
provided in the rim of the vehicle wheel.

The building of the tyre carcass structure comprises at
least the 1nitial step of depositing a carcass ply on a forming
support. Subsequently, each reinforced annular anchoring
structure 15 1s associated with each of the opposite end
edges of the carcass ply.

In the specific example illustrated 1n FIG. 1, apparatus
100 comprises a member 101 for storing annular anchoring
structures 10, a member 102 for storing reinforced annular
anchoring structures 15 and a further member 103 {for
storing annular anchoring structures 10. The above storage
members belong to a movement line (generally indicated in
FIG. 1 by arrow L) and the storage member 103 1s arranged
along such a line upstream of the storage member 102, so as
to take the place of the latter once all the annular anchoring,
structures arranged on the storage member 102 have been
picked up. This in order to ensure a continuity of production
of the reinforced annular anchoring structures 15.

Each storage member 101-103 1s substantially shaped as
a cylindrical drum provided with longitudinal grooves 104
(for clarity of illustration, the reference numeral 104 1s
associated with only some of the above grooves) adapted to
allow the gripping of the annular anchoring structures 10
from the storage member 101 at the radially inner surface of
the substantially circumiferential annular insert 11. The
above grooves 104 also allow the unloading of the rein-
forced annular anchoring structures 15 on the storage mem-
ber 102.

The storage members 101-103 may however be of a
different type than what described above; for example, they
may be provided as baskets wherein the annular anchoring,
structures 10 or the reinforced annular anchoring structures
15 are stacked.
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As 1llustrated i FI1G. 1, close to the storage members 101,
102, 103 the apparatus 100 comprises a service member 105
which can rotate about a pivoting axis Z-7.

The service member 105 comprises two opposite shaits
1064, 1066 having respective longitudinal axes X-X which
extend along a same direction perpendicular to axis z-z.
Respective service drums 107a, 1075, totally identical to
one another, are mounted on shafts 106q, 1065, each service
drum being capable of rotating about the respective longi-
tudinal axis X-X.

As better described hereinafter, the position of the service
drums 107a, 107b may be exchanged to allow carrying out
1n a sequence, on each of them, the deposition of the loop 5,
the positioning of the annular anchoring structure 10 1n a
radially outer position with respect to the loop 5 and the
turning up of the loop 5 about the annular anchoring
structure 10, so as to form the remforced annular anchoring
structure 15.

In particular, with reference to the position of the two
service drums 107a, 1075 illustrated 1n FIG. 1, the loop 3 1s
deposited on the service drum 107a whereas the annular
anchoring structure 10 1s positioned on the service drum
10756 1n a radially outer position with respect to the loop 5
and the loop 5 1s turned up about the annular anchoring
structure 10.

As better described hereinafter, 1n a subsequent step of the
process ol the present invention, the service drums 107a,
1075 are moved integrally 1n rotation about the pivoting axis
/-7 exchanging their position; the service drum 1074 there-
fore moves 1n the operating position occupied 1n FIG. 1 by
drum 1075 and vice versa. In this new operating position, the
annular anchoring structure 10 1s positioned on the service
drum 107a 1n a radially outer position with respect to a
previously deposited loop 5, such loop 5 1s turned about the
annular anchoring structure 10 for forming the reinforced
annular anchoring structure 15, and the reinforced annular
anchoring structure 15 1s unloaded. On the other hand, a new
loop 5 15 deposited on the service drum 1075 for making a
new reinforced annular anchoring structure 15, the previ-
ously formed reinforced annular anchoring structure 15
having been removed from the service drum 1075.

The use of two service drums 107a, 1075 allows carrying,
out at least part of the steps carried out at the service drum
107a simultaneously with at least part of the steps carried
out on the service drum 107b.

Apparatus 100 of the present invention shall be described
heremnafter with reference to the operating position of the
service drums 107a, 1075 1llustrated 1n FIG. 1.

With reference to such figure, a device 130 for loading the
annular anchoring structure 10 on the service drum 1075 and
unloading the remnforced annular anchoring structure 13
from the service drum 1075 1s operatively interposed
between the storage members 101, 102 and 103 and the
service member 105.

In particular, device 130 comprises a first motorised arm
131 which can be moved with articulated motion between
the storage member 101 and the service member 105 for
taking the annular anchoring structure 10 from the storage
member 101 and loading it on the service drum 1075.
Device 130 also comprises a second motorised arm 135
which can be moved with articulated motion between the
service member 105 and the storage member 102 of the
reinforced annular anchoring structures 15 for unloading the
reinforced annular anchoring structure 15 from the service
drum 1075 and placing 1t on the storage member 102.

The motorised arm 131 1s rotatable about a rotation axis
/'-7! parallel to the rotation axis of the service member 105
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and comprises, at a {ree end thereot, a gripping member 132
of the annular anchoring structure 10. Likewise, the moto-
rised arm 135 is rotatable about the above rotation axis Z'-Z!
and comprises, at a {ree end thereot, a gripping member 136
of the reinforced annular anchoring structure 15.

FIG. 1 shows a step of the process of the present invention
wherein the motorised arms 131, 135 rotate 1in counter
clockwise with respect to the rotation axis Z'-Z'. The moto-
rised arm 131 has just loaded an annular anchoring structure
10 on the service drum 1075 and 1s moving from the service
drum 1075 towards the storage member 101 for taking a new
annular anchoring structure 10; the motorised arm 133, on
the other hand, has just unloaded on the storage member 102
an annular anchoring structure 15 previously taken from the
service drum 1075 and 1s moving from the storage member
102 towards the service drum 1075 for taking a new rein-
forced annular anchoring structure 15.

The gripping members 132 and 136 are identical. For
simplicity of description and clarity of illustration, only one
of them 1s described heremaiter (in particular the gripping
member 132), 1t being understood that the elements
described below with reference to such a gripping member
are also provided in the gripping member 136. Therefore,
what said below with reference to the gripping member 132
also applies to the gripping member 136.

The gripping member 132 1s rotatable with respect to a
longitudinal extension axis Y-Y of the motorised arm 131
and 1s linearly movable in both directions along a direction
perpendicular to said axis Y-Y (such direction 1s indicated in
FIG. 1 with arrow P).

The gripping member 132 comprises a plurality of grip-
ping and centring arms 133 (for clanty of illustration,
numeral reference 133 is associated to only one of the above
arms) equally spaced 1n a circumierential direction with
respect to a central axis of the gripping member 132 and
radially movable, in a synchronous manner, with respect to
the above central axis. Such radial movement allows grip-
ping, centring and unloading the annular anchoring structure
10.

Opposite to the device 130 for loading (unloading) the
annular anchoring structures 10 (reinforced annular anchor-
ing structures 15), apparatus 100 comprises a device for
depositing the loop 5 on the service drum 107a.

The loop 5 1s obtained by cutting to size a band-like
reinforcement element 50 previously collected on a reel 51.
As 1llustrated 1n FIG. 1, during the execution of the process
of the present imnvention, the band-like reinforcement ele-
ment 50, which 1s associated with a service fabric, 1s
unwound from such reel 51. Thanks to the interaction
provided by a first contrast roller 534 the service fabric leaves
the band-like reinforcement element 50 and 1s collected on
a first winding roller 535. After that, the band-like reinforce-
ment element 50, deviated by a first diverter roller 52 and by
a second diverter roller 53, 1s properly fed on a portion of the
annular outer surface 108 of the service drum 107a by a
suitable feeding device 140.

Reel 51, diverter rollers 52 and 53, the first contrast roller
54 and the first winding roller 55 are preferably housed
inside a support frame 20 arranged 1n a position adjacent the
service member 105.

The feeding device 140 comprises, downstream of the
second diverter roller 53, an output portion 143 supported
cantilevered from the frame 20 and suitably oriented
towards the annular outer surface 108 of the service drum
107a.

In particular, the output portion 143 of the feeding device
140 1s tilted by a predetermined angle with respect to a
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horizontal plane and points from top downwards on the
annular outer surface 108 of the service drum 107a.

The feeding of the band-like reinforcement element 50
towards the service drum 107a 1s obtained by a device 160
for capturing and moving the band-like reinforcement ele-
ment 30.

In the embodiment shown in FIG. 1, such device 160
comprises at least one pair of suction cups 161 whose
movement causes the unwinding of the band-like remnforce-
ment element 50 from the reel 31 and thus, the feeding of the
band-like reinforcement element 50 on the annular outer
surface 108 of the service drum 107a.

More specifically, according to a preferred embodiment,
suction cups 161 carry the head of loop 5 from the cutting
zone to the service drum 107a. A depositing roller (not
shown 1n the figures), preferably made from elastomeric
material, 1s rested onto the head of loop 35, and after the
suction cups 161 have released the grip on the loop 5, the
service drum 107a starts rotating. The pressure the depos-
iting roller creates on loop 5 during the deposition ensures
the friction/adhesion between loop 5 and service drum 107a,
necessary for winding the loop 5 on the service drum 1tself,
thus carrying out the deposition step.

As an alternative to suction cups 161 1t 1s possible to use
suction members or, if the band-like reinforcement element
50 comprises metal cords, an electromagnet device, all of
the conventional type.

Apparatus 100 of the present invention further comprises
a cutting member 170 of the band-like reinforcement ele-
ment 50. The cutting member 170 1s arranged at the output
portion 145 of the feeding device 140 of the band-like
reinforcement element 50 and comprises a disc blade 172 of
the conventional type.

Upstream of the output portion 145 of the feeding device
140, apparatus 100 of the present invention comprises a
member 190 for depositing an element of an elastomeric
material 60 on an outer surface (with respect to the upward
direction of axis Z-7, that 1s in the direction away from the
support plane of the feeding device 140) of the band-like
reinforcement element 50. As illustrated in FIG. 1, member
190 1s arranged between the diverter rollers 52 and 53 of the
teeding device 140.

The element of elastomeric material 60, which 1s also
assoclated with a service fabric, 1s collected 1n a reel 61
housed 1n the support frame 20. Thanks to the interaction
provided by a second contrast roller 64, the service fabric
leaves the element of elastomeric material 60 and 1s col-
lected on a second winding roller 635. After that, the element
ol elastomeric material 60 unwound from the above reel 61
1s deviated by the diverter roller 52 and, by means of the
member 190, 1t 1s suitably positioned on the outer side
surface of the band-like reinforcement element 50 (FIG. 1).

In the preferred embodiment of apparatus 100, the ele-
ment of elastomeric material 60 1s arranged astride the outer
side surface of the band-like reinforcement element 50, so as
to take the configuration shown in FIG. 4e (belore cutting
the reinforcement element 50 for obtaining the loop 5) and
in FIG. 8 (after turning the loop 5 up about the annular
anchoring structure 10). As an alternative, the element of
clastomeric material 60 may be arranged cantilevered on the
outer side surface of the band-like reinforcement element 50.

In any case, the element of elastomeric material 60 1s
coupled to the end edge 5b of loop 35 which 1s intended, when
loop 5 1s turned up about the annular anchoring structure 10,
to be 1n a radially outer position with respect to the other end
edge Sa.
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With reference to FIG. 4, member 190 comprises a
plurality of rollers (five 1n the embodiment shown, indicated
with reference numerals 191-195) arranged 1n one after the
other along the movement direction M of the band-like
reinforcement element 50; at least some of such rollers have
a rotation axis which 1s skewed with respect to the rotation
axis ol at least some of the other rollers.

In particular, as also 1illustrated in FIGS. 4a-de, the
rotation axis of the second roller 192 1s parallel to that of the
first roller 191, but it 1s arranged at a lower height with
respect to the axis of roller 191 with reference to the
movement plane of the band-like reinforcement element 50.
The rotation axis of the third roller 193 1s skewed with
respect to that of rollers 191 and 192. The rotation axis of the
tourth roller 194 1s skewed with respect to that of rollers
191-193; 1n particular, it 1s inclined opposite to the axis of
roller 192 with respect to the movement plane of the
band-like reinforcement element 50. The rotation axis of the
fifth roller 195 1s parallel to that of rollers 191 and 192, but
it 1s arranged opposite to the roller 191 with respect to the
movement plane of the band-like reinforcement element 50.

The particular arrangement of rollers 191-195 allows
depositing the element of elastomeric material 60 astride the
outer side surface of the band-like reinforcement element 50
while the latter 1s fed towards the service drum 107a.

According to the present invention, each of the service
drums 107a, 1075 1s radially expandable/contractable so as
to be set to a plurality of predetermined radial dimensions
selected according to the tyre to be manufactured.

For simplicity of description, only the service drum 1074
shall be described hereiaftter, 1t being understood that what
said also applies to the service drum 1075.

With reference to FI1G. 2, drum 107a comprises a plurality
of support bodies 110 arranged adjacent each other along a
circumierential direction and coaxial to the axis X-X. As
described below, said support bodies 110 are radially mov-
able 1n a synchronous manner with respect to axis X-X in the
two opposite ways of the direction indicated 1n FIG. 2 by
arrow R, between a maximum contraction position and a
maximum expansion position.

Preferably, the support bodies 110 are at least eight. More
preferably, such bodies are 1n a number comprised between
twelve and twenty-four.

Each support body 110 comprises a central support body
111 and two opposite side support bodies 112 arranged at
opposite sides with respect to the central body 111 along the
circumierential direction. Such bodies define the annular
outer surface 108 of the service drum 107a.

The central support body 111 comprises a fork-like radi-
ally inner portion 111q and a radially outer portion 1115
which supports the loop 5 (FIG. 2 also shows the annular
anchoring structure 10 1 a radially outer position with
respect to the loop 5; such configuration occurs when drum
107a moves to the position occupied i FIG. 1 by drum
1075).

The two side support bodies 112 are slidingly mounted on
a guide 113 which extends parallel to axis X-X and which 1s
integral to the radially outer portion 1115 of the central
support body 111. The side support bodies 112 can therefore
be moved parallel to the rotation axis X-X of the service
drum 107a towards one other and away from one another
with respect to the central support body 111.

As shown 1 FIGS. 6 and 7, each of the side support
bodies 112 comprises a radial openming 112a extended axially
up to a free end facing the central support body 111. The
function of such opening will appear clearly 1n the following
part of the present description.
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The radial movement of the support bodies 110 1s
achieved by means of a specifically provided adjustment
device 114 described hereinaftter.

Such adjustment device 114 comprises an annular flange
115 fitted on the shaft 106a. Such flange 115 1s integral 1n
rotation with the shaft 106a. Respective helically-shaped
sliding guides 116 are formed on the opposite side faces of
flange 115. In particular, such guides 116 are shaped accord-
ing to an Archimedes spiral.

The central support body 111, at each arm of the fork
portion 111a, carries a pin 117 housed 1n a respective sliding
guide 116. The fork portion 111a, moreover, 1s integrally
associated with a pair of sliding blocks 118 (only one of
which 1s shown 1n FIG. 2) extended 1n the radial direction;
cach of said sliding blocks 1s slidingly mounted on a
respective radially extended sliding guide 119 (only one of
which 1s shown in FIG. 2).

One of the sliding gmides 119 may be selectively made
integral 1n rotation with shait 1064; 1n such configuration, a
predetermined angular movement of shaft 106a causes a
predetermined radial movement of each support member
111.

In order to keep the support bodies 110 1n the desired
radial position, apparatus 100 of the present invention com-
prises a locking device 120 active on one of the support
bodies 110, as shown always 1n FIG. 2.

The locking device 120 comprises a calibration flange 121
fitted on the shatt 106a so as to be integral 1n rotation with
the latter. As shown 1n FIGS. 34 and 35, flange 121 has, at
the radially outer surface thereof, a plurality of slits 122
arranged along the whole circumierential extension of flange
121.

The locking device 120 further comprises a cylindrical
pin 123 shdingly associated, through a spring 124, to a
sleeve 123a 1ntegral to the radially extended sliding guide
119 and pivotally mounted on the shaft 106a by the inter-
position of a pair of rolling bearings 119a.

In particular, spring 124 1s a compression spring inter-
posed between a free end surface of sleeve 123q and an
abutment flange 125 integral to pin 123.

Pin 123 1s housed 1n one of slits 122 and comprises,
opposite to the spring 124 with respect to the abutment
flange 125, a slit 126 extending by only part of the circum-
ferential extension of the pin itsell.

The locking device 120 further comprises, opposite to the
sleeve 123a with respect to the pin 123, a pneumatic
cylinder 127 adapted to control the movement of pin 123, 1n
opposition to the elastic action exerted by spring 124,
between a first operating position, shown i FIGS. 2 and 3a,
wherein pin 123 1s in such an axial position that slit 126 1s
axially shifted with respect to slit 122 of the calibration
flange 121, and a second operating position, shown 1n FIG.
3b, wherein pin 123 1s 1in such an axial position that slit 126
1s radially aligned with slit 122 of the calibration flange 121.

In the position of FIGS. 2 and 3a, pin 123 1s coupled 1n
rotation with the calibration flange 121, thus making the
radially extended sliding guide 119 (and thus the support
body 110) and shaft 106a integral in rotation. In this
operating configuration, the radial position of the support
bodies 110 1s not altered by the rotation of shatt 106a; thus,
the service drum 107a rotates without radially expanding/
contracting.

On the contrary, 1n the position of FIG. 35, pin 123 1s
disconnected in rotation from the calibration flange 121,
thus making shait 106a iree to rotate with respect to the
radially extended sliding guide 119 (and thus the support
body 110). In this operating configuration, a rotation of shaft
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106a causes a radial expansion/contraction of the support
bodies 110; the service drum 107a, on the other hand, does
not rotate.

Apparatus 100 further comprises, at the position occupied
by the service drum 1075, a device 180 for turning loop Sup 5
about the annular anchoring structure 10.

As shown i FIGS. 5-7, the turning up device 180
comprises a pair of turning rollers 181 arranged on opposite
sides with respect to a transversal middle plane C of the
service drum 1075. Such rollers 181 are movable 1 syn- 10
chrony with a combined motion along both ways of a first
direction A parallel to the longitudinal axis X-X of the
service drum 1075 and along both ways of a second direc-
tion B perpendicular to the longitudinal axis X-X of the
service drum 1075. 15

Rollers 181 therefore are axially and radially movable in
a synchronous manner with respect to the service drum 1075
along a path that reproduces the profile of the annular
anchoring structure 10. The above synchronised radial
movement of rollers 181 allows loop 5 to be turned up about 20
the annular anchoring structure 10 for forming the rein-
forced annular anchoring structure 15.

Each roller 181 preferably has a conical shape and 1s 1dly
rotatable about a rotation axis R which 1s tilted with respect
to the longitudinal axis X-X of the drum. The rotation of 25
rollers 181 about the respective axes R takes place by the
cllect of the dragging action exerted by loop 5 when the
service drum 1075 1s made to rotate about its longitudinal
axis X-X.

FIGS. 5-7 show three subsequent steps of the turning up 30
operation.

In the step shown 1n FIG. 5, the side support bodies 112
are brought close to the side of the central support bodies 111
so that the loop 1s radially supported by both the side support
bodies 112 and the central support body 111. Rollers 181 35
have been inserted from the top through the radial openings
112a of the side support bodies 112 to be in the position
shown 1n FIG. 5.

FIG. 6 shows a subsequent step wherein the side support
bodies 112 are moved away from the central support bodies 40
111 for allowing rotation of the service drum 1075 (and thus
of the side support bodies 112) about the longitudinal axis
X-X and, concurrently with such rotation, movement of
rollers 181 along directions A and B (as shown by a dashed
line 1n FIG. §), so as to carry out the turning up of loop 5 45
about the annular anchoring structure 10.

FIG. 7 shows an even subsequent step, wherein the
service drum 1075 has been made to rotate about the
longitudinal axis X-X and rollers 181 have completed the
turning up of loop 5, thus obtaining the reinforced annular 50
anchoring structure 15 (shown 1n a section 1 FIG. 8).

FIG. 9 shows an alternative embodiment of the turming
rollers, now indicated with reference numeral 182.

Rollers 182 are each defined by a plurality of small rollers
(all indicated with reference numeral 183) arranged circum- 55
terentially one next to the other at a plurality of circumier-
ences with respect to an axis T perpendicular to the longi-
tudinal axis X-X of the service drum 1075. Rollers 183 are
therefore arranged on a base element 184 along a plurality
of rays around axis T. They are mounted on the base element 60
184 through the interposition of respective bearings 185.

The movement of rollers 182 for carrying out the turning
up of loop 35 about the annular anchoring structure 10 1s
identical to that described above with reference to rollers
181. They are therefore moved 1n a synchronous manner 653
with combined motion along directions A and B following
the profile of the annular anchoring structure 10. The rota-
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tion of rollers 183 takes place by the eflect of the dragging
action exerted by loop 5 when the service drum 1075 1s
made to rotate about 1ts longitudinal axis X-X.

With reference first to FIG. 1, a preferred embodiment of
the process for depositing the loop 5 on the annular anchor-
ing structure 10 in order to form a reinforced annular
anchoring structure 15 shall now be described.

In a first process step, the support bodies 110 of the
service drum 107q are radially moved for setting the service
drum 107a to a radial position selected on the basis of the
fitting diameter of the tyre to be manufactured.

During the execution of this setting step, pin 123 of the
locking device 120 1s in the position shown i FIG. 35.
Being pin 123 1n this position, the rotation of shait 106a of
the service drum 107a about axis X-X causes the radial
movement of the support bodies 110. Such support bodies
110, however, are disconnected from shaft 106a. Theretfore,
rotation of shaft 106a does not cause rotation of the service
drum 107a.

During the execution of this step, the side support bodies
112 of support bodies 110 are close to the respective central
support bodies 111, so as to define a substantially continuous
annular outer surface 108 of the service drum 107a 1n the
circumierential direction.

Once the service drum 107a has been set to the desired
radial dimension, the locking device 120 1s actuated moving
pin 123 to the position of FIGS. 2 and 3a. In such position,
the support bodies 110 are coupled to shait 1064 and thus
rotation of shait 106a about axis X-X causes a correspond-
ing rotation of the service drum 107a. No radial movement
of the support members 110 takes place 1n this case.

Subsequent to the actuation of the locking device 120, the
feeding of loop 5 on the annular outer surface 108 of the
service drum 107a may begin.

In this step, a head portion of the band-like reinforcement
clement 50 1s captured by suction cups 161 and moved onto
the annular outer surface 108 of the service drum 107a.

The unwinding of the band-like remnforcement element 50
from reel 51 1s caused by the movement of the band-like
reinforcement element 50 towards the service drum 107a.

The service drum 107a 1s now moved 1n rotation about
axis X-X. Because of the sticking of the head portion of the
band-like reinforcement element 50 with the annular outer
surface 108 of the service drum 107a, the band-like rein-
forcement element 50 1s forced to follow the rotation of the
service drum 107a; subsequent portions of band-like rein-
forcement element 50 are thus deposited on the annular
outer surface 108 of the service drum 107a.

The service drum 107a 1s made to rotate by a predeter-
mined angle . which 1s preferably comprised between 270°
and 360°. Upon reaching such angle, the rotation of the
service drum 107a 1s stopped and the band-like reinforce-
ment element 50 1s cut, thus obtaining a piece of band-like
reinforcement element 50 which, by most of its longitudinal
extension 1s associated with the annular outer surface 108 of
the service drum 107a and which comprises a tail portion not
yet deposited on the above annular outer surface 108.

At the end of the cut, the service drum 107a 1s set 1n
rotation again at least up to completing one full revolution.
During such rotation, the tail portion of the band-like
reinforcement element 50 1s deposited onto the annular outer
surtace 108 of the service drum 107a.

As an alternative to the process described above which
provides for the cutting of the reinforcement element after
most of the band-like reinforcement element 50 has been
deposited on the annular outer surface 108 of the service
drum 107a, a process can be provided wherein the band-like
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reinforcement element S0 1s cut to size before being fed
towards the service drum 107q. In this case, deposition of
the band-like reinforcement element 50 onto the annular
outer surface 108 of the service drum occurs 1n a continuous
manner while the service drum 107a rotates by an angle at
least equal to 360°.

During all the step of feeding the band-like reinforcement
clement 50 on the service drum 107a, member 190 applies
the element made from elastomeric material 60 astride of the
outer side surface of the band-like reinforcement element 50,
as shown 1n FIG. 4 and 1n FIGS. 4a-4e. In practice, rollers
191-195, acting one after the other on the eclement of
clastomeric material 60 during the movement of band-like
reinforcement element 50, bend the element of elastomeric
material 60 on the outer side surface of the band-like
reinforcement element 50.

The unwinding of the element of elastomeric material 60
from reel 61 1s preferably caused by the above movement of
the band-like reinforcement element 30 towards the service
drum 107a.

Preferably, the loop 3 1s deposited on an annular portion
of the annular outer surface 108 of the service drum 107a
which 1s not centred with respect to a transversal middle
plane C of the service drum 107a.

Once loop 5 has been deposited on the service drum 107a,
the service member 103 1s made to rotate about the pivoting,
axis Z-7Z up to exchange the position of service drum 107a
with service drum 1075.

After that, an annular anchoring structure 10 1s loaded on
the service drum 107a 1n a centred position with respect to
the transversal middle plane C of the service drum 107a. The
annular anchoring structure 10 i1s taken from the storage
member 101 by the gripping member 132.

In particular, during the execution of such step, the
motorised arm 131 of the gripping member 132 1s brought
to a front position with respect to the storage member 101
and 1s moved along direction P to insert arms 133 into
grooves 104. The grip of the annular anchoring structure 10
takes place at the radially innermost surface thereof by the
radial expansion of arms 133.

The motorised arm 131 1s then brought to the service
drum 107a. During such movement, the annular anchoring
structure 10 1s centred on the gripping member 132; such
centring 1s obtained by radially moving in a synchronous
manner the centring arms 133.

When the gripping member 132 i1s at the service drum
107a, 1t fits the annular anchoring structure 10 on the service
drum 107a. The unloading of the annular anchoring struc-
ture 10 1s obtained by retracting 1n a synchronous manner
arms 133 of the gripping member 132.

The motorised arm 131, once the annular anchoring
structure 10 has been unloaded on the service drum 107a, 1s
moved towards the storage member 101, so as to be ready
to take a new annular anchoring structure 10.

Following the positioning of the annular anchoring struc-
ture 10 onto the service drum 107a, the latter 1s made to
radially expand to lock the annular anchoring structure into
position before turning loop 5 up.

To this end, the locking device 120 1s deactivated return-
ing pin 123 1n the position shown 1n FIG. 36 and shait 106qa
ol the service drum 107a 1s made to rotate about axis X-X
until drum 107a, because of its expansion, steadily locks the
annular anchoring structure 10.

At this point, the locking device 120 1s actuated again
moving pin 123 to the position of FIGS. 2 and 3a.

Loop 5 can now be turned up about the annular anchoring
structure 10.
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In a first step of the turning up process, rollers 181 are
inserted from the top through the radial openings 1124 of the
side support bodies 112 to move to a radially inner position
with respect to the side support bodies 112, as shown 1n FIG.
5.

In a subsequent step, shown 1 FIG. 6, the side support
bodies 112 are moved away from the central support body
111.

In an even subsequent step, shown 1n FIG. 7, the service
drum 1075 1s moved 1n rotation about the longitudinal axis
X-X and at, simultaneously with such rotation, rollers 181
are moved 1n a synchronous manner along directions A and
B following the profile of the annular anchoring structure 10
(the movement of rollers 181 1s shown with a dashed line 1n
FIG. 5).

At the end of this last step, rollers 181 have completed the
turning up of loop 5, thus obtaining the reinforced annular
anchoring structure 15.

Once the turning up of loop 3 has been completed, the
reinforced annular anchoring structure 15 1s taken from the
service drum 107a and brought onto the storage member
102.

In such step, the service drum 107a 1s radially contracted
to unload the remnforced annular anchoring structure 15.
Such contraction occurs by moving pin 123 of the locking
device 120 to the position shown in FIG. 35 and after that,
rotating shait 106a of the service drum 107a by a certain
angle about axis X-X.

The motorised arm 135 1n the meantime has been moved
up to position itself close to the service drum 107a, where-
from 1t takes the reinforced annular anchoring structure 15.
Taking of the reinforced annular anchoring structure 15
occurs by synchronously expanding arms 133 of the grip-
ping member 136. In the meantime, the side support bodies
112 of the service drum 107a move close to the respective
central support bodies 111.

After that, the motorised arm 135 1s moved up to position
itself close to the storage member 102. When the gripping
member 136 1s placed in front of the storage member 102,
it 1s moved along direction P so as to isert arms 133 1n
grooves 104. The reinforced annular anchoring structure 15
1s then unloaded on the storage member 102. Such unloading
1s obtained by synchronously retracting arms 133.

The motorised arm 135, once the annular anchoring
structure 15 has been unloaded on the storage member 102,
1s moved towards the service drum 107a, so as to be ready
to take a new reinforced annular anchoring structure 15.

During the movement of the motorised arm 135 towards
the storage member 102, the service member 1035 1s made to
rotate about the pivoting axis Z-7Z to exchange again the
position of service drum 107a with service drum 1075. At
this point, apparatus 100 1s ready to repeat the process
described above.

According to the present imnvention, while the setting of
the service drum 107a and/or the deposition of loop 5 on
service drum 107a are carried out, at least part of the step of
positioning an annular anchoring structure 10 on a loop 5
previously deposited on the service drum 1075 and/or of the
step of turning loop 5 up about the annular anchoring
structure 10 for forming a reinforced annular anchoring
structure 15 are carried out on service drum 1075. When
position of the service drums 107a, 1075 1s exchanged,
positioning of a new annular anchoring structure 10 and
turning up of loop 5 about such annular anchoring structure
10 for forming a new reinforced annular anchoring structure
15 are carried out on the service drum 107q (that at this point
1s 11 the position occupied by service drum 1075 in FIG. 1)




US 9,744,733 B2

21

there 1s carried out the, while deposition of a new loop 5 on

the service drum 1075 1s carried out, the reinforced annular

anchoring structure 15 previously formed having been
removed from the service drum 1075 (that at this point 1s 1n

the position occupied by service drum 107a i FIG. 1).
Moreover, while the turning up of loop 3 is carried out, the

loading/unloading device 130 deposits the reinforced annu-

lar anchoring structure 15 on the storage member 102 and
takes a new annular anchoring structure 10 from the storage

member 101.

The process described above may be repeated a prede-
termined number of times for forming, starting from a
plurality of annular anchoring structures 10, a corresponding,
plurality of reinforced annular anchoring structures 135 to be
used 1n subsequent process for building carcass structures
for tyres for vehicle wheels.

From the above description 1t 1s clear that the process of
the present invention allows carrying out the looping of
annular anchoring structures having different radial dimen-
sions with a single apparatus as described above.

It 1s clear that a man skilled 1n the art may make further
changes and variants to the invention described hereinbefore
in order to meet specific and incidental application require-
ments, changes and variants 1n any case falling within the
scope of protection defined 1n the following claims.

The 1nvention claimed 1s:

1. A process for manufacturing a tyre for a vehicle wheel,
comprising the step of building a carcass structure compris-
ing at least one carcass ply associated, at axially opposite
end edges thereof, with respective annular anchoring struc-
tures, wherein the step of building the carcass structure
comprises the step of reinforcing at least one annular anchor-
ing structure with a loop, said reinforcement step being
carried out on at least one radially expandable/contractable
service drum having a longitudinal axis and comprising the
steps of:

a) radially moving a plurality of support members of the
at least one service drum to set the at least one service
drum to a predetermined operative radial dimension
selected according to a fitting diameter of a tyre to be
manufactured, wherein during execution of step a) a
central support body and side support bodies of the at
least one service drum define an annular outer surface
of the at least one service drum 1n the circumierential
direction;

b) depositing the loop on an annular portion of the annular
outer surface of the at least one service drum;

¢) loading the at least one annular anchoring structure
onto the at least one service drum 1n a radially outer
position with respect to the loop:;

d) radially expanding the at least one service drum up to
a radially-expanded configuration to lock in position
the at least one annular anchoring structure, thereby
radially expanding the entire loop;

¢) rotating the at least one service drum about the longi-
tudinal axis thereof while the at least one service drum
1s 1n the radially-expanded configuration;

1) during rotation of the at least one service drum, turning,
the loop up about the at least one annular anchoring
structure with at least one pair of turning rollers so as
to form at least one reinforced annular anchoring
structure; and

o) unloading the at least one reinforced annular anchoring
structure from the at least one service drum:

the process further comprising, between steps d) and e),
moving the at least one pair of turning rollers through
radial openings in the side support bodies to a radially
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inner position with respect to the loop and subsequently
moving the side support bodies away from the loop for
allowing rotation of the at least one service drum.

2. The process according to claim 1, further comprising
the step of positioning the at least one reinforced annular
anchoring structure on an end edge of the at least one carcass
ply, wherein before carrying out said positioming step, steps
from a) to g) are repeated for a predetermined number of
times.

3. The process according to claim 1, wherein at least one
of steps a) and b) 1s carried out at least 1n part simultaneously
with at least part of at least one of steps ¢) to g).

4. The process according to claim 1, wherein the step of
turning the loop up 1s carried out at least 1n part simultane-
ously with at least part of at least one of step g) of unloading
the at least one reinforced annular anchoring structure from
the at least one service drum and step ¢) of loading a new
annular anchoring structure onto the at least one service
drum.

5. The process according to claim 1, wherein step ¢) of
loading the at least one annular anchoring structure onto the
at least one service drum comprises the steps of:

taking the at least one annular anchoring structure from a

first storage member; and

moving the at least one annular anchoring structure from

the first storage member to the at least one service
drum.
6. The process according to claim 1, wherein step g) of
unloading the at least one remnforced annular anchoring
structure from the at least one service drum comprises the
steps of:
radially contracting the at least one service drum;
taking the at least one reinforced annular anchoring
structure from the at least one service drum; and

moving the at least one reinforced annular anchoring
structure from the at least one service drum to a second
storage member.

7. The process according to claim 1, wherein step a) of
setting the at least one service drum to a predetermined
operative radial dimension, comprises a step of radially
expanding the at least one service drum until the annular
outer surface thereof reaches a predetermined diameter
selected according to the fitting diameter of the tyre to be
manufactured.

8. The process according to claim 1, comprising, between
step b) of depositing the loop onto an annular portion of the
annular outer surface of the at least one service drum and
step ¢) of loading the at least one annular anchoring structure
onto the at least one service drum 1n a radially outer position
with respect to the loop, a step of moving the at least one
service drum from a first work station defined at a feeding
device of the loop to a second work station defined at a
device for loading/unloading the at least one annular anchor-
ing structure onto/from the at least one service drum.

9. The process according to claim 1, wherein the loop 1s
obtained by cutting to size a band-like reinforcement ele-
ment and step b) of depositing the loop onto an annular
portion of the annular outer surface of the at least one service
drum comprises the steps of:

feeding the band-like reinforcement element toward the at

least one service drum:;

depositing a head portion of the band-like reinforcement

clement onto the annular outer surface of the at least
one service drum;

rotating the at least one service drum by a predetermined

angle about the longitudinal axis thereof; and
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during said rotation, depositing new portions of the band-
like remnforcement element onto the annular outer sur-
face of the at least one service drum until a tail portion
of the band-like reinforcement element 1s deposited.

10. The process according to claim 9, wheremn said
predetermined angle i1s equal to at least 360°, and wherein
the band-like reinforcement element 1s cut to size before
being fed toward the at least one service drum.

11. The process according to claim 9, comprising, during
the step of feeding the band-like renforcement element
toward the at least one service drum, associating an element
made from elastomeric material on an outer side surface of
the band-like reinforcement element.

12. The process according to claim 11, wherein said
clement made from elastomeric material 1s arranged astride
the outer side surface of the band-like reinforcement ele-
ment.

13. The process according to claim 11, wherein said
clement made from elastomeric material 1s associated can-
tilevered with the outer side surface of the band-like rein-
forcement element.

14. The process according to claim 1, wheremn said
annular portion of the annular outer surface of the at least
one service drum 1s 1 an offset axial position with respect
to the transversal middle plane of the at least one service
drum.

15. The process according to claim 1, wherein step c¢) of
loading the at least one annular anchoring structure onto the
at least one service drum comprises the step of positioning
the at least one annular anchoring structure 1n a centered
position with respect to the transversal middle plane of the
at least one service drum.

16. The process according to claim 1, wherein said turning
rollers are arranged on opposite sides with respect to a
transversal middle plane of the at least one service drum.

17. The process according to claim 1, wherein the step of
turning the loop up further comprises using each turming
roller 1n said pair of turning rollers to turn up an end edge
of the loop about the same reinforced annular anchoring
structure of the at least one reinforced annular anchoring
structure.

18. The process according to claim 1, wherein the step of
turning the loop up further includes moving 1n synchrony the
at least one pair of turning rollers about a single annular
anchoring structure of the at least one annular anchoring
structure along a first direction parallel to the longitudinal
axis of the at least one service drum and along a second
direction perpendicular to the longitudinal axis of the at least
one service drum.

19. A process for remnforcing with a loop an annular
anchoring structure of a tyre for a vehicle wheel, comprising
the steps of:

a) radially moving a plurality of support members of a
radially expandable/contractable service drum to set
the service drum to a predetermined operative radial
dimension selected according to a fitting diameter of a
tyre to be manufactured, wherein during execution of
step a) a central support body and side support bodies
of the service drum define an annular outer surface of
the service drum 1n the circumfierential direction;

b) depositing the loop on an annular portion of the annular
outer surface of the service drum:

¢) loading the annular anchoring structure onto the service
drum 1n a radially outer position with respect to the
loop:;
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d) radially expanding the service drum up to a radially-
expanded configuration to lock 1n position the annular
anchoring structure, thereby radially expanding the
entire loop;

¢) rotating the service drum, about a longitudinal axis
thereof while the service drum 1s 1n the radially-
expanded configuration;

1) during rotation of the service drum, turning the loop up
about the annular anchoring structure with at least one
pair of turning rollers so as to form a reinforced annular
anchoring structure; and

o) unloading the reinforced annular anchoring structure
from the service drum;

the process further comprising, between steps d) and e),
moving the at least one pair of turning rollers through
radial openings in the side support bodies to a radially
iner position with respect to the loop and subsequently
moving the side support bodies away from the loop for
allowing rotation of the service drum;

wherein the step of turning the loop up 1s carried out by
moving in synchrony the at least one pair of turming
rollers along a first direction parallel to the longitudinal
ax1is of the service drum and along a second direction
perpendicular to the longitudinal axis of the service
drum, said at least one pair of turming rollers being
arranged on opposite sides with respect to a transversal
middle plane of the service drum.

20. A process for manufacturing a tyre for a vehicle wheel,
comprising the step of building a carcass structure compris-
ing at least one carcass ply associated, at axially opposite
end edges thereof, with respective annular anchoring struc-
tures, wherein the step of building the carcass structure
comprises the step of reinforcing at least one annular anchor-
ing structure with a loop, said reinforcement step being
carried out on at least one radially expandable/contractable
service drum mounted on a respective service shaft and
comprising the steps of:

a) radially moving a plurality of support members of the
at least one service drum to set the at least one service
drum to a predetermined operative radial dimension
selected according to a fitting diameter of a tyre to be
manufactured, wherein during execution of step a) a
central support body and side support bodies of the at
least one service drum define an annular outer surface
of the at least one service drum 1n the circumferential
direction;

b) depositing the loop on an annular portion of the annular
outer surface of the at least one service drum;

¢) loading the at least one annular anchoring structure
onto the at least one service drum 1n a radially outer
position with respect to the loop;

d) disengaging the at least one service drum from the
respective service shait and rotating the respective
service shalt to cause radial expansion of the at least
one service drum up to a radially-expanded configura-
tion to lock 1n position the at least one annular anchor-
ing structure;

¢) engaging the at least one service drum to the respective
service shaft and rotating the respective service shatt to
cause rotation of the at least one service drum about a
longitudinal axis thereof while the at least one service
drum 1s 1n the radially-expanded configuration;

1) during rotation of the at least one service drum, turning,
the loop up about the at least one annular anchoring
structure with at least one pair of turning rollers so as
to form at least one reinforced annular anchoring
structure; and
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o) unloading the at least one reinforced annular anchoring
structure from the at least one service drum:

the process further comprising, between steps d) and e),
moving the at least one pair of turning rollers through
radial openings 1n the side support bodies to a radially
iner position with respect to the loop and subsequently
moving the side support bodies away from the loop for
allowing rotation of the service drum.

21. A process for manufacturing a tyre for a vehicle wheel,
comprising the step of building a carcass structure compris-
ing at least one carcass ply associated, at axially opposite
end edges thereof, with respective annular anchoring struc-
tures, wherein the step of building the carcass structure
comprises the step of reinforcing at least one annular anchor-
ing structure with a loop, said reinforcement step being
carried out on at least one radially expandable/contractable
service drum and comprising the steps of:

a) radially moving a plurality of support members of the
at least one service drum to set the at least one service
drum to a predetermined operative radial dimension
selected according to a {itting diameter of a tyre to be
manufactured, wherein during execution of step a) side
support bodies of the at least one service drum partially
define an annular outer surface of the at least one
service drum 1n the circumferential direction;

b) depositing the loop on an annular portion of the annular
outer surface of the at least one service drum;

¢) loading the at least one annular anchoring structure

onto the at least one service drum 1n a radially outer
position with respect to the loop;
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d) radially expanding the at least one service drum up to
a radially-expanded configuration to lock in position
the annular anchoring structure, thereby radially
expanding the entire loop;

¢) rotating the at least one service drum, about a longi-
tudinal axis thereof while the at least one service drum
1s 1n the radially-expanded configuration;

) during rotation of the at least one service drum, turning,
the loop up about the at least one annular anchoring
structure with at least one pair of turning rollers so as

to form at least one reinforced annular anchoring
structure; and

o) unloading the at least one reinforced annular anchoring,
structure from the at least one service drum;

the process further comprising, between step b) of depos-
iting the loop onto an annular portion of the annular
outer surface of the at least one service drum and step
¢) of loading the at least one annular anchoring struc-
ture onto the at least one service drum 1n a radially
outer position with respect to the loop, a step of moving,
the at least one service drum from a first work station
defined at a feeding device of the loop to a second work
station defined at a device for loading/unloading the at
least one annular anchoring structure onto/from the at
least one service drum; and

the process further comprising, between steps d) and e),
moving the at least one pair of turning rollers through
radial openings in the side support bodies to a radially
inner position with respect to the loop and subsequently
moving the side support bodies away from the loop for
allowing rotation of the service drum.
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